Groundwater (e.g. from wells and boreholes) represents an important source for water supply for populations in Maroua, Far north Cameroon. Although its consumption is being accentuated by the limited access to potable water, the quality of water from boreholes is unknown by the consumers. This study aimed at assessing the bacteriological quality of groundwater from boreholes in Maroua, in order to determine the impact of anthropogenic pressure and to measure the sanitary risks to which people who use them as drinking water sources are exposed. A total of 18 boreholes were chosen as sampling sites for bimonthly analyses (from October 2016 to January 2017). Microbiological analyses comprised the prevalence of total coliforms (TCs), Escherichia coli and Heterotrophic Aerobic and Mesophilic Bacteria (HAMB). Some physico-chemical parameters including temperature, pH, electrical conductivity, total dissolved solids (TDSs), salinity, dissolved CO 2 were measured to characterize these waters and to determine their influence on the bacterial flora. The results showed that the pH of the water of the 18 boreholes varied from 6.3 to 7.5 CU; the lower value of temperature was 25.9 °C and the higher was 31.2 °C. The values of electrical conductivity, TDSs and Salinity fluctuated from 171.5 to 1910.3 µS/cm, 119.4 to 1331.3 mg/l and 79.2 to 970.3 ppm respectively in the water samples of these boreholes. The concentration of dissolved CO 2 varied from 9.5 to 27.8 mg/l of water. From these results, 72.2% of analysed water samples were contaminated by the total coliforms and E. coli. The water contamination would be the consequence of the proximity of boreholes with latrines and domestic wastes. There is a need to educate the public about the quality of their water sources and the importance of clean and healthy surroundings near water sources and to implement household water treatment to improve the water quality and reduce waterborne diseases.
INTRODUCTION
Waterborne diseases constitute a serious public health problem in developing countries. In low and middle income nations, 58% of all diarrheal disease-related deaths are caused by inadequate access to safe water, poor hygiene, and unimproved sanitation conditions (WHO, 2014) . In Cameroon, waterborne diseases due to bacteria are common. Diarrhoeal diseases were estimated to cause 15 to 20% of deaths annually (Ngwe and Banza-Nsungu, 2007) . Cholera is nearly endemic in far north region of this country .
Drinking water quality, high population densities, resulting from uncontrolled urbanization, coupled with poor hygiene and inadequate sanitation facilities play an important role in the emergence and transmission of waterborne diseases in urban environment (Sobsey, 2002; Negera et al., 2017) . In Maroua, as in many cities of Cameroon, people use several types of water supplies according to their income. The households with higher incomes have access to potable water from taps whereas the poor (majority) are forced to get drinking water from public or private boreholes, wells, and even from streams and rains (Gorham et al., 2017) . Leaning on organoleptic criteria and their localization in soil, these households think that borehole waters are drinkable and free from contamination (unpublished data).
However, boreholes are often badly maintained or non-protected and water that they get is sometimes contaminated (Amadou et al., 2014) . The pollution of groundwater is generally increased by several human factors such as defecation in nature, presence of pit latrines, waste water, agricultural activities, farms and discharges of chemicals, in industrial sites, close to water points (Kirschnner et al., 2009) . These factors could have considerable impacts on the quality of boreholes water. Studies showed that bacterial contamination of groundwater would be due to lack of sanitation system, poor habits in management of wastes and the presence of latrines close to water sources (Djaouda et al., 2014; Dovonou et al., 2017) .
Microbiological pollution of water sources is often determined by counting faecal bacteria considered as bio-indicators such as coliforms and E. coli (Ashbolt et al., 2001; APHA, 2012) . This is due to the fact their population is proportional to the amount of feces entering into environment (Páll et al., 2013 (Gerba, 2009) . Generally, these bacteria are not pathogenic, but among them opportunistic pathogens which may have impacts on human health, especially in immunocompromised populations, children and old persons consuming soiled water, can be found (Bartram et al., 2003) . The development of the microbial communities in surface water and groundwater would be related to meteorological factors, physico-chemical and biological characteristics of the biotope (Hounsounou et al., 2016) .
In Maroua, where epidemics of cholera frequently take place (Healy Profitos et al., 2014) , borehole water is extensively used as drinking water. In addition, several non governmental Organizations through their programs contribute to fight against poverty and waterborne diseases by constructing many boreholes, with different management levels, as an alternative water resource to the use of well water and stream water in Maroua. Unfortunately numerous activities likely to compromise the quality of borehole water are found at the borehole surroundings. The aim of this study was to evaluate the bacteriological quality of borehole waters intended to the consumption in Maroua, in order to determine the impact of anthropogenic pressure and to measure the sanitary risks to which people who use them as drinking water sources are exposed.
MATERIALS AND METHODS Description of the study site
Maroua, the most important city of the Far North region of Cameroon, is located at 400 m asl altitude, 10° 29' to 10° 41' N latitude and 14° 15' to 14° 27' E longitude. This city has an area of 56 km 2 and a population estimated to 201371 inhabitants (BUCREP, 2017 (Sighomnou et al., 2002) .
Sampling sites
A census of boreholes has been made within the period from September to November 2016 in Maroua. Direct observation and inquiry were conducted to collect some information on the boreholes as: the type of borehole pump, owner, locations, use of water, outside aspect or environment of borehole. A total of 215 boreholes have been identified among which 35 are out-of-use. For multiple reasons such as insufficiency of funds, high number of boreholes, we sampled a subset of the boreholes. The selection was based on the nearness to a potential source of water contamination, type of borehole pump (mechanic or electric) (Figure 1 ) and type of borehole (private or public). In addition, geographical location was considered to attain good spatial representation.
Eighteen (18) boreholes (15 boreholes with human motricity and three boreholes with electric pump) have been chosen among the 180 functional boreholes. They have been coded F1 to F18 (Figure 2) .
A hand-held GPS (Garmin brand) has been used for the location of these sampling sites. The characteristics of the sampled boreholes arisen from the criteria used for their selection were documented (Table 1) .
Water sample collection
The collection of water samples from each borehole was made according to a bimonthly frequency from October 2016 to January 2017. At each sampling point, two water samples were collected, one in a 500 ml sterile glass bottle and the other in a 1,000 ml polyethylene bottle. All collected samples were kept at 4 °C and analysed within 2 h of collection. The sample in sterile glass bottle was used for bacteriological analysis and the other, in the polyethylene bottle, for physicochemical analysis (APHA, 2012) .
Water analyses

Physico-chemical analysis
The physico-chemical parameters considered were pH, electrical conductivity, temperature, total dissolved solids (TDSs), salinity and dissolved carbon dioxide. These parameters were chosen in accordance with their general importance in bacterial metabolism and the availability of our laboratory equipment. Temperature, pH, electrical conductivity, TDSs and salinity were measured using a portable pH/conductivity/TDS/salinity meter, Extech EC500. Calibration and standardization of apparatus were performed according to the manufacturer's instructions before in situ use. The estimation of dissolved carbon dioxide (CO 2 ) was done by titrimetric method using a slight excess of sodium hydroxide solution (0.025 N), checked by means of phenolphthalein indicator, to neutralize the carbon dioxide immediately after water sampling, and titration with hydrochloric acid solution (0.02 N) was carried out later in the laboratory (Rodier, 2009) . Two sets of samples were collected at each site for physico-chemical analysis.
Bacteriological analysis
Heterotrophic bacteria were enumerated using the spread plate method with plate count agar (Bio-Rad, France). 0.1 ml raw/diluted water sample was pipetted onto the surface of a plate count agar in sterile 90 × 15 mm petri dishes (Gosselin a Corning Brand, France). Inoculum was spread using a bent glass rod over the surface of the plate. Inoculum was let being absorbed completely into the medium before incubating at 37 °C for 72 h. Two repetitions were done using dilutions in order to select the plate that contains 30-300 CFU. The counting of colonies was performed using a colony counter (Jouan CC120, France) according to recommendations from APHA (2012). Membrane filtration was used to enumerate qualitative microbial indicators [total coliforms (TCs) and Escherichia coli] according to the standard methods (APHA, 2012) . For each borehole, raw/diluted water sample was filtered through a sterile 47 mm, 0.45 µm-pore-diameter, gridded membrane filter, under partial vacuum. Funnel was rinsed with three 30 ml portion of sterile dilution water. Filter was removed with a sterile forceps and placed on agar in 55 × 9 mm petri dish (Gosselin a Corning Brand, France). The m-Endo LES (Difco Laboratories, Detroit, MI, USA) agar was used for the enumeration of TCs and E. coli, after 24 h incubation at 37 and 44 °C, respectively. The typical coliform colony on m-Endo has a pink to dark-red colour with a metallic surface sheen. The resulting metallic green sheen colony forming unit (CFU) were subsequently identified according to Holt et al. (2000) . The identification of each E. coli colony was confirmed using API 10S system after a subculture on a standard agar medium. Gramstain, catalase and oxidase were confirmed before inoculating a test strip. API test strip consists of microtubes (cupules) containing dehydrated substrates to detect the enzymatic activity by the inoculated organisms. During incubation (24 h at 37 °C), metabolism produces colour changes that are either spontaneous or revealed by the addition of reagents. Test results are entered into an online database to determine the bacterial identity.
Statistical analysis
Data collected were entered in Excel Spreadsheet. Changes in bacterial densities and physicochemical parameters of water at the different sampling sites were plotted using the SigmaPlot 10.0 software. Due to their skewed distributions, physico-chemical data and the bacterial counts were log-transformed. A principal component analysis (PCA) was performed using normalized average microbiological and physico-chemical data of the 18 boreholes. PCA was used to study the relationship between microbiological and physicochemical parameters. In PCA, factors were identified via varimax rotation with eigenvalue > 1. To classify the sampling sites according to the properties of their water samples, a hierarchical cluster analysis (HCA) of water points was conducted. These two analyses were applied using the software XLSTAT 2007. 
RESULTS
The results of the physico-chemical analysis are shown in Figures 3, 4 F1, F2, F3, F4, F5, F6, F7, F11, F12, F14, F15, F16 and F18) were lower than 500 mg/l. Boreholes F8, F9, F10, F13 and F17 had TDSs levels above WHO standard for drinking water. Like electrical conductivity, TDSs were not coupled to boreholes characteristics considered in this survey. The concentration of dissolved carbon dioxide in water samples varied from 9.5 mg/l at borehole F2 (Makabaye) to 27.8 mg/l at borehole F4 (Pitoaré). The fluctuations of this parameter according to sampling days were also important (Figure 7) . The water salinity oscillated from 79.2 ppm at borehole F1 to 970.3 ppm at borehole F17 (Figure 8) . The values of salinity of 10 boreholes (F1, F2, F3, F5, F6, F7, F14, F15, F16 and F18) were lower than 200 ppm. The variation of salinity was in agreement with that of TDSs and electrical conductivity.
The bacterial abundances of water samples varied from one borehole to another. Figure 9 shows the fluctuations of the abundance of E. coli according to the boreholes. This abundance fluctuated between 0 CFU/100ml at boreholes F1 (Domayo), F4 (Pitoaré), F6 (Palar), F9 (Dougoy) and F17 (Domayo) and 172 CFU/100ml at borehole F3 (Makabaye). These results showed that 72.22% of boreholes are contamined by E. coli and are not in conformith with the WHO standard for drinking water, which is 0 CFU of E. coli per100 ml of water. Only 27.77% borehole water samples were negative to E. coli. If the location within schools of boreholes F1 and F6 and the limitation of the access to public of borehole F4 reduced the influence of the polluting anthropogenic pressure on these boreholes, the abundance of E. coli of boreholes F9 and F17 seems surprising. The abundance of E. coli in water samples would be more related to the distance separating the borehole with potential source of contamination than all other potential factors. Abundance of total coliforms ( Figure  10 ) ranged from 0 CFU/100ml at boreholes F1 (Domayo), F4 (Pitoaré), F6 (Palar), F9 (Dougoy) and F17 (Domayo) to 203 CFU/100 ml at borehole F3 (Makabaye). 72.22% of boreholes were contaminated with total coliforms. The abundance of total coliforms was coupled to abundance of E. coli. The bacteriological quality of these borehole waters did not conform with the WHO standard for drinking water (0 CFU/100 ml of water). 27.77% of boreholes were negative to total coliforms. Abundance of HAMB in borehole water samples fluctuated from 23 CFU/ml at borehole F12 (Domayo) to 155 CFU/ml at borehole F10 (Dougoy) ( Figure  11 ). This abundance did not exactly meet to that obtained for other measured bacteriological parameters.
Principal component analysis (PCA) and hierarchical cluster analysis (HCA) have been performed on data of all water parameters considered in this survey. Principal component analysis enabled to understand the structure of correlation of these parameters and to identify the most importants components contributing to this structure. Hierarchical cluster analysis contributed to reduce and group boreholes in classes having similar properties. Results of principal component analysis showed that electrical conductivity, salinity and TDSs are positively correlated to component F1 (42.98%). pH is negatively correlated to this component (Figure 12 ). The F1 component represents the variations of physico-chemical parameters. It is related to mineralization and presence of inorganic salts in boreholes water. The component F2 (29.07%) is determined by abundance of E. coli, total coliforms and HAMB. F2 component expresses the variations of the bacterial abundances of boreholes water. Figure 12 indicates that boreholes F9 and F17 are singularized by their high mineralization whereas the F3 and F10 boreholes were distinguished by their high contamination by bacterial germs counted during this survey. However, this analysis did not permit a combination of all parameters analyzed to get the groups of boreholes according to their characteristics.
The assessment of the quality of water samples has been made by categorizing sampled boreholes in similar zones. Figure 13 presents results of classification of the sampled points (boreholes). Four main classes were distinguished: C1, C2, C3 and C4. The analysis of Figures 12 and 13 has distinguished the characteristics and constitution of the four groups of boreholes observed: -Class C1 boreholes (F1, F2, F3, F5, F6, F7 
DISCUSSION
The pH of boreholes water ranged from 6.3 CU to 7.5 CU. Apart from borehole F9, the pH of different studied borehole waters presented values within acceptable WHO limits, between 6.5 CU and 8.5 CU (WHO, 2003) . These values have been associated to the geographic location of the water point. The variations of pH values are likely accociated with the nature of the lands crossed because pH of groundwater is not different from the pH of crossed soil (Mkandawire, 2008; Nouayti et al., 2015) . According to Djuikom (2006) , the pH of water can also be influenced by the action of microorganisms and the proximity of latrines with water point. The electrical conductivity of borehole waters followed spatial variations. This mineralisation was low at borehole F1 (171.5 µS/cm) and high at borehole F17 (1910.3 µS/cm). The physical characteristics of the borehole do not seem to explain the mineralization obtained. The variations of electrical conductivity would result from the washing of the rock reservoir within which water stay (Mkandawire, 2008) . According to Belghiti et al. (2013) , the electrical conductivity depends on the loads of generating endogenous and exogenous organic matters, release of salts after mineralization and the evaporative system which concentrates these salts in water. It also varies according to the geological substratum crossed. According to Amadou et al. (2014) , high values of the electrical conductivity could be explained by infiltration of waste water or wastes of the neighboring septic tanks in the water table. Therefore, distance between potential source of pollution and borehole would be determinant for the degree of water mineralization. In this survey, the minimal temperature of water was 25.9 °C (F2 borehole) and the maximum was 31.2 °C (F15 borehole). All these values were above the drinking water temperature (12 to 25 °C) recommended by WHO (2008) . The temperature of water does not have a direct impact on the man's health. However, temperature values above 20 °C enhance the development of microorganismes of the environment, so increase in the water temperature creates conditions favorable to the degradation of water quality, in particular those related to microorganisms (Rodier, 2009) . Indeed, our study site is situated in an area with an average annual temperature estimated at 28.3 °C. Rise of the temperature of water samples can be explained by the impact of ambient temperature, localization of the watertable, sampling hour and season. The lower and higher limits of salinity of water analyzed were respectively 79.2 ppm (F1 borehole) and 970.3 ppm (F17 borehole). The variations of the salinity values can be explained by the contamination of water. Contamination sources would be the proximity of these boreholes with latrines. TDSs levels of water samples oscillated between 119.4 and 1331.3 mg/l. They have been correlated to the electrical conductivity and the salinity. The variations of the TDSs concentrations would be due to mineralization. The increase of TDSs can be explained by the decomposition of the organic matters of water by the microorganismes that frees mineral substances contributing to their growth (Djaouda et al., 2014) . The concentration of dissolved CO 2 has high value at borehole F4 (27.8 mg /l) and low value at borehole F2 (9.5 mg/l). The solubility of the carbon dioxide in water depends on the partial pressure of the gases in the atmosphere and the temperature of water (Rodier, 2009) .
The values of bacterial abundance of water samples showed that all water samples were contaminated by the HAMB. The higher value was 155 CFU/ml (borehole F10) and the lower value was 23 CFU/ml (borehole F12). This pollution could be assigned to poor protection of borehole, failure to respect protective perimeter and absence of suitable sanitation system (Gomdje et al., 2015) . Total coliforms and E. coli were detected in 72.22% of boreholes water samples, with abundance oscillating respectively between 4 CFU/100 ml (F7) and 203 CFU/100 ml (F3), and 3 CFU/100 ml (F7) and 172 CFU/100ml (F3). This abundance exceeded the WHO standard for drinking water (0 CFU/100 ml). Presence of E. coli, group of bacteria living in intestines of mammals indicates recent feacal pollution by various sources, as latrines or animal wastes (Gerba, 2009) . It is very important to note that the quality of these boreholes water is not satisfactory because of total coliforms and E. coli contamination which could usually indicate the potential presence of pathogenic microorganisms and opportunistic pathogenic bacteria such as Salmonella sp, Shigella sp, Vibrio cholerae, Pseudomonas sp, responsible for numerous waterborne diseases. Boreholes contaminated by E. coli and total coliforms were close to latrines, waste waters, dumps and mayos. The poor quality of these borehole waters could be attribuated to poor protection of borehole and failure to respect the protective perimeter. Besides, the contamination of the water table of boreholes depends on the soil permeability (Pitkänen et al., 2011) . The spatial variations of the concentration of the bacterio-pollutants could also be explained by the variations of the potentialities of retention of the bacteria by the particles of soil . Boreholes F1, F4, F9 and F17 did not present any bacterial indicator of feacal contamination, although they have at least one potential source of pollution. This exception would be explained by the degree of soil permeability and/or the position of the potential sources of pollution in relation with the sense of outflow of the watertable. The other origin could be the variations in abiotic properties of percolating water. These properties impact the transfer of the bacteria from the soil surface toward the watertable . Borehole F6 was also not contaminated by the total coliforms and E. coli. Similar findings have been reported in other areas of Africa (Ince et al., 2010; Arnold et al., 2013) . Indeed, no potential source of pollution has been found at its vicinity; therefore this borehole would be effectively safe from feacal contamination.
Conclusion
This study aimed at assessing the bacteriological quality of borehole waters intended for human consumption in Maroua. It revealed that all the analyzed water samples contained HAMB and 72.22% of boreholes are contaminated by E. coli and the total coliforms. The physico-chemical parameters showed that boreholes water have low to high mineralization. The water pH varied from acidic to basic. The contamination of borehole waters by bacterial indicators of feacal pollution would be due to soil properties that encourage the infiltration of waste water coming from the septic tanks, of solid waste dumpsites located close to the boreholes and by lack of maintenance of boreholes and the position of the potential sources of pollution in relation with the sense of outflow of the groundwater. It is very important to treat borehole waters before consumption. The equipment of the city with water purification facilities, the interdiction of anarchical release of waste water and the regular monitoring of groundwater quality could significantly reduce the degree of bacteriological contamination of borehole waters of the study region. 
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